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♦NOTICES* 

JPO and NCIPI are not reeponBible for any 
daioages caiiBed by t:he use of this translaiiion. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Sample production equipment for three-diTnensional structure observation characterized by 
providing the ion beam deflecting system, the ion beam controlling mechanism, and Branka who 
process a sample into the configuration which has the projection part which is focusing ion beam 
machining equipment which consists of the ion source, a condensing lens, an objective lens, a sample 
holder, sample rotation / migration device, a sample cooler style, amass spectrograph, image recording 
equipment, and a control computer, and connotes the candidate for observation. 
[Claim 2] For a transmission electron microscope image, the diameter of the above-mentioned 
projection is [ the configuration which has the projection part which connotes the candidate for 
observation according to claim 1 ] sample production equipment for three-dimensional structure 
observation with which it is characterized by being an observation possible value. 
[Claim 3] A means to process a sample according to claim 1 is sample production equipment for three- 
dimensional structure observation characterized by including a means to control ion beam deflecting 
system so that the two-dimensional observation image of a sample is recorded, the field processed into 
the projection containing the candidate for observation in the above-mentioned two-dimensional 
observation image is specified and an ion beam scans except the above-mentioned field. 
[Claim 4] A means process a sample according to claim 1 is sample production equipment for three- 
dimensional structure observation characterized by to include a means interrupt ion irradiation by 
Branka by whom computer control was done when recorded the two-dimensional observation image of a 
sample, the projection field containing the candidate for observation in the above-mentioned two- 
dimensional observation image was specified, a sample top was scanned by the ion beam and an ion 
beam incidence location scanned the above-mentioned projection field. 

[Claim 5] A means to process a sample according to claim 1 is sample production equipment for three- 
dimensional structure observation which carries out incidence of the ion beam from a means to rotate a 
sample to the circumference of the medial axis of a projection, and the direction which intersects 
perpendicularly to the medial axis of a projection, and is characterized by including a means to delete a 
projection front face until the radius of a projection becomes a desired value. 
[Claim 6] The electron microscope for three-dimensional structure observation characterize by to 
include the sample holder which can rotate 360 degrees of the samples which have the projection part 
which be the electron microscope which consist of a computer equipped with an electron gun, an 
electron lens, an electron ray deflecting coil, a sample holder, sample rotation / migiBtioD device, an 
energy filter, image recording equipment and the software for control, and image processing soflwarc, 
and connote the candidate for observation to the circumference of Ihe revolving shaft which intersect 
perpendicularly with an incidence electron ray in the sample interior of a room, and a means observe the 
three-dimensional structure of the above-mentioned sample. 

[Claim 7] It is the electron microscope for three-dimensional structure observation characterized by to 
have a means for a sample holder according to claim 6 to consist of a sample base, cylindrical support, 
and a maintenance cylinder, to make in agreement a means for the 360 degrees of the above-mentioned 
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cylindrical support to be rotated to the circiunfereuce of a sample revolving shaft within a maintenance 
cylinder, to make in agreement the revolving shaft of cylindrical support, and the revolving shaft of a 
sample base, and to fix, and the revolving shaft of a sample base and the medial axis of a projection, and 
to fix, 

[Claim 8] A sample base according to claim 7 is an electron microscope for three-dimensional structure 
observation characterized by having the protective cover for preventing breakage of a projection. 
[Claim 9] A means to make in agreement the revolving shaft of cylindrical support according to claim 7 
and the revolving shaft of a sample base, and to fix is an electron microscope for three-dimensional 
structure observation characterized by being the screw and screw hole which were prepared at the 
sample base lower part and the tip of cylindrical support. 

[Claim 10] It is the electron microscope for three-dimensional structure observation which means make 
in agreement the revolving shaft of a sample base according to claim 7 and the medial axis of a 
projection, and fix are two or more sets of marks prepared in the sample base, and is characterized by to 
have a means tune the location of the sample to a sample base finely so that the intersection of the 
straight line which connects the mark of each class may be on the revolving shaft of a sample base and 
the medial axis of the above-mentioned intersection and a projection may be in agreement- 
[Claim 11] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the sample production equipment for three-dimensional 
structure observatioti, and its observation means and approach for observing the structure in the part of 
the request in the semiconductor device processed minutely in three dimension. 
[0002] 

[Description of the Prior Art] In the semiconductor device, the importance of observation by the 
transmission electron microscope (omitting below TEM) which has resolution between altitude has been 
increasing as sample structure becomes detailed. The demand of wanting to evaluate the structure of the 
semiconductor device which piles up various pattern configurations and is produced in three dimension 
in addition to it has also been increasing. 

[0003] The attempt which observes the three-dimensional structure of a sample using TEM has been 
made to these demands. Hereafter, the procedure of the conventional observational method is shown. 
[0004] A sample is thin-fihn-ized in order to observe tlie TEM image for observation first- The distance 
in which an electron ray can penetrate the inside of a sample is shorty and the distance which can 
penetrate an electron ray by 300kV from the incidence electrical potential difference ICQ of a 
transmission electron microscope is I OOnm or less. In order to set thickness for observation to 1 OOnm or 
less, an abrasive material is used and a sample is thin-film-ized to about 100 micrometers. Furthermore, 
after grinding near for observation in the shape of a earthenware mortar and making it 10 micrometers of 
thickness numbers, it thin-film-izes to lOOnm or less usitig the production equipment of a TEM sample 
given in JP,5-312700,A. 

[0005] After fixing the thin-film-ized test piece to a ring-like sample base and fixing the periphery of the 
above-mentioned sample base to tfie sample holder shown in the sample manner of support and 
equipment of an electron microscope given [ for example, ] in JP,6-139986,A, it inserts in a sample 
room, and the TEM image for observation is observed. For evaluating the three^imensional stmctuie, 
the TEM image which the test piece was nr\ade to incline in the sample interior of a room, and observed 
it from plurahty is used. 

[0006] Furthermore, in order to evaluate the three-dimensional structure quantitatively, three-dimension 
reconstruction is performed, using a TEM image as a projection image. In order to use the TEM image 
of a ciystalline sample as a projection image, it is Japanese Patent AppHcation No. 3-1 10126. It is 
necessary to use the angle-of-elevation dispersion electronic image which carried out image formation 
by the electron scattered on the angle of elevation with the atom in a sample using three-dimension 
atomic arrangement observation equipment given in a number. This is because not only the scattering 
contrast that mainly reflected electronic scattering power in the contrast of a TEM image but the 
diffraction contrast which mainly reflected the ttystal stmcture is intermingled and it is necessary to 
reduce diffraction contrast, using a TEM image as a projection image. The above-mentioned angle-of- 
elevation dispersion electronic image is used, and it is Japanese Patent Application No. 3-110126. 
Three-dimensional structure reconstruction is performed by the approach given in a number. A 2- 
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dimensional each cross section is first reconfigurated xjsing a projection cutting plane theorem, they are 

accumulated, and the three-dimensional structure is built, 

[0007] 

[Problem(s) to be Solved by the Invention] In the conventional test piece for TEM observation, the 
candidate for observation exists near the core of the test piece processed in the shape of a earthenware 
mortar. In such a configuration, since the sample thickness which passes an electron ray becomes thick 
and an electron ray cannot be penetrated if a test piece is made to incline greatly, a TEM image is no 
longer obtained. Moreover, if a sample holder is made to incline greatly, in order that ring-like a sample 
base and a sample holder may close the path of an electron ray with the conventional sample holder for 
TEM observation, a TEM image is no longer obtained. That is, as long as a conventional test piece 
configuration and a conventional sample holder are used, the range has a limit whenever [ sample tilt- 
angle and the candidate for observation cannot be observed from the direction of arbitration. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the sample production equipment for three-dimensional 
structure observation, and its observation means and ^proach for observing the structure in the part of 
the request in the semiconductor device processed minutely in three dimension. 
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PRIOR ART 



[Description of the Prior Art] In the semiconductor device, the importance of observation by the 
transmission electron microscope (omitting below TEM) which has resolution between altitude has been 
increasitig as sample structure becomes detailed. The demand of wanting to evaluate the structure of the 
semiconductor device which piles up various pattern configurations and is produced in three dimension 
in addition to it has also been increasing. 

[0003] The attempt which observes the three-dimensional structure of a sample using TEM has been 
made lo these demands. Hereafter, the procedure of the conventional observational method is shown. 
[0004] A sample is thin-fihn-ized in order to observe the TEM image for observation first. The distance 
in which an electron ray can penetrate the inside of a sample is short, and the distance which can 
penetrate an electron ray by 300kV from the incidence electrical potential difference 100 of a 
transmission electron microscope is lOOimi or less. In order to set thickness for observation to lOOnin or 
less, an abrasive material is used and a sample is thin-fihn-ized to about 100 micronreters, Fuilhermore, 
after grinding near for observation in the shape of a earthenware mortar and making it 10 micrometers of 
thickness numbers, it thin-film-izes to lOOrmi or less using the production equipment of a TEM sample 
given in JP,5-3 1 2700,A. 

[0005] After fixing the thin-film-ized test piece to a ring-like sample base and fixing the periphery of the 
above-mentioned sample base to the sample holder shown in die sample manner of support and 
equipment of an electron microscope given [ for example, ] in JP,6- 139986, A, it inserts in a sample 
room, and the TEM image for observation is observed. For evaluating the three-dimensional structure, 
the TEM image which the test piece was made to incline in the sample interior of a room, and observed 
it from plurality is used. 

[0006] Furthermore, in order to evaluate the three-dimensional structure quantitatively, three-dimension 
reconstmction is performed* using a TEM image as a projection image. In order to use the TEM image 
of a crystalline sample as a projection image, it is Japanese Patent Application No. 3-1 101 26. It is 
necessary to use the angle-of-elevation dispersion electronic image which carried out image foraiation 
by the electron scattered on the angle of elevation with the atom in a sample using three-dimension 
atomic arrangement observation equipment given in a number. This is because not only the scattering 
contrast that mainly reflected electronic scattering power in the contrast of a TEM image but the 
diffraction contrast which mainly reflected the crystal structure is intermingled and it is necessary to 
reduce diffraction contrast, using a TEM image as a projection image. The above-mentioned anglc-of- 
elevation dispersion electronic hnage is used, and it is Japanese Patent Application No. 3-1 10126. 
Three-dimensional structure reconstruction is performed by the approach given in a number. A 2- 
dimensional each cross section is first reconfigurated using a projection cutting plane theorem, they are 
accumulated, and the three-dimensional structure is built. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] If this invention is used, since the TEM image which observed the candidate for 
observation from the direction of the arbitration of the circumference of the medial axis of a projection 
can be obtained, it comes to be able to carry out the direct valiiation of the three dimension sample 
structure. Moreover, observation of the projection image of the requirement **** all direction for 
reconfigurating the three-dimensional structure of a sample is realized. Therefore, it is not necessary to 
use the known mfoimation about a sample, and the sample configuration of arbitration can be correctly 
reconfigurated fi-om one test piece. 

[0043] By this invention, the arbitration configuration within the device structure buih in three 
dimension and the sample stmcture of an arbitration location can be analyzed in three dimension, and 
the check and optimization pan of a process of a device can be provided with the important information 
about a device design. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In the conventional test piece for TEM observation, the 
candidate for observation exists near the core of the test piece processed in the shape of a earthenware 
mortar. In such a configuration, since the sample thickness which passes an electron ray becomes thick 
and an electron ray cannot be penetrated if a test piece is made to incline greatly, a TEM image is no 
longer obtained. Moreover, if a sample holder is made to incline greatly, in order that ring-like a sample 
base and a sample holder may close the path of an electron ray witli the conventional sample holder for 
TEM observation, a TEM image is no longer obtained. That is, as long as a conventional test piece 
configuration and a conventional sample holder are used, the range has a limit whenever [ sample tilt- 
angle ], and the candidate for observation cannot be observed from the direction of arbitration. The 
range is about **60 degrees whenever [ in general-puipose TEM / tilt-angle ], between altitude, since 
the gap of an electron lens is narrowly designed like TEM of resolution, the width of face of the sample 
room which inserts a sample holder becomes narrow, and the range is narrow whenever [ tilt-angle ] 
further. 

[0008] Furthermore, a limit of the range serves as a very serious failure in three-dimension 
reconstruction whenever [ sample tilt-angle ]. The plane-of-projection cutting theorem of being used by 
image reconstruction is a theorem that the 1 -dimensional Fourier transform of projection data p (r, theta) 
from [ of Sample f (x y) ] theta is in agreement with the line profile of the cutting plane of the direction 
of theta of two-dimensional Fourier transform F (mu, nu) of a sample ( drawing 17 (a)). That is, if the 
projection data of all the directions is obtained, it will mean that all the information about sample 
structure was acquired ( drawing 1 7 (b)). 

[0009] However, if the projection include-angle range is restricted, as shown in drawing 17 R> 7 (c), 
required information will be missing, and it will become difficult theoretically to obtain an exact 
reconstruction image. If it reconjfigurates under a projection include-angle limit, on a reconstruction 
image, an intense artifact may be generated and analysis of sample stmctxne may not be able to be 
performed for the above-mentioned artifact. Althou^ the method of reducing the above-mentioned 
artifact by image restoration processing had been examined, it was required and the sample 
configuration to which various assumptions about sample structure can apply restoration processing was 
limited. 
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MEANS 



[Means for Solving the Problem] In this invention, the test piece which processed the configuration 
which has the projection part which connotes the candidate for observation as a test piece for three- 
dimension observation is used. In the above-mentioned test piece^ the candidate for observation is [ of 
the circumference of the medial axis of a projection ] observable firom all. In order to process a test piece 
into the above-mentioned configuration, a dicer, focusing ion beam machining equipment, etc. are used. 
The above-mentioned focusing ion beam machining equipment has the ion beam deflecting system for 
projection production and Branka who connote the candidate for observation, Furthemiore, 1 shaft 
omnidirectional inclination sample holder is used as a sample bolder. The above-mentioned 1 shaft 
omnidirectional inclination sample holder is constituted by the cylindrical support supported hy the 
maintenance cylinder and the above-mentioned maintenance cylinder, and the above-mentioned 
cylmdrical support is designed so that it can inclme in the 1 **** direction. If the medial axis and 
sample axis of tilt of the projection by the above-mentioned test piece at Ihe tip of the above-mentioned 
cylindrical support are doubled and installed, to the circumference of the medial axis of a projection, 360 
degrees inclines and the candidate for observation can be observed- That is, the TEM image of all the 
directions for observation can be obtained. 
[0011] 

[Embodiment of the Invention] Drawing 1 is the basic configuration of the transmission electron 
microscope used in the example of this invention, an electron gun 1, a condensing lens 2, the electron 
ray deflecting coil 3, an objective lens 4, the sample holder 5, the sample leaning device 6, and the Inca 
ram (inch-colomn) mold 7 - it consists of computers 9 equipped with the energy filter, the image 
recording equipment 8 and the software for control, and image-processing software of the postcolumn 
(post-column) mold 35 again. 

[0012] The configuration of the test piece 10 used for draw ing 2 by this example is shown* The test 
piece 10 is processed into the chip which has the projection part 11 in a certain field. Let the medial axis 
of projection 11 be the z-axis. The projection part 1 1 has connoted the candidate 12 for observation. 
Diameter 2R of tiie projection in the above-mentioned field is cairled out within limits which can pass 
an electron ray. The distance in which an electron ray penetrates diameter 2R, so that acceleration 
voltage becomes high depending on the acceleration voltage of an incidence electron ray becomes long. 
In the case of 100-300kV acceleration voltage, in the case of lOOnm or less and 3MV, 2R is 10 
micrometers or less. 

[0013] Said test piece 10 is fixed to the sample base 13 shown in drawings . The screw 16 which fixes 
the sample base 13 to the cylindrical support 15 is formed in the upper part of the sample base 13 at the 
base in which a test piece 10 is installed, and the lower part. There are a sample base ( drawing 3 (a)) 
which fixes a test piece 1 0 with adhesives, and a sample base ( drawing 3 (b)) fixed with a screw, 
[0014] In ttie sample base 13 of drawing 3 (a), the upper part of the sample base 13 and the inferior 
surface of tongue of a test piece 10 are fixed with adhesives. Since equipment stixicture is simple, it has 
the description that a miniaturization is easy. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drauing.l ] The whole transmission electron microscope block diagram used in the example of this 
invention. 

{DiawimlJ The conceptual diagram showing the configuration of the test piece for three-dimension 
observation. 

[Drawing 3] The block diagram of the sample base in which a test piece is installed. 
[ Drawing 4 ] The block diagram of 1 shaft omnidirectional sample holder. 
[Drawing 51 The explanatory view of processing justification of a test piece. 
[Drawing 6] The sectional view of the standard sample holder for SEM. 
[Drawing 7] The block diagram of a sample breakage protective cover. 

jPr4wix»g .8] The basic block diagram of the focusing ion beam machining equipment of one example of 
this invention. 

[DrawiTjg 9J The explanatory view showing the process which starts a thicker projection using a dicer. 

P3rawi ng 10] The explanatory view showing the process which starts a thicker projection using a dicer. 

[Drawing 1 1] The explanatory view of the processing process of a test piece. 

[Drawin g 12] The explanatory view of the processing process of a test piece, 

{Drawing J 3] The explanatory view of the processing process of a test piece. 

JDrawing 14] The explanatory view of the processing process of a test piece. 

[Drawing .1.5] The explanatory view showing the radius of a height and the relation of an ion beam 

machining location which are formed in a test piece. 

[Drawing 16] The explanatory view of the section for observation on a test piece. 
[ Drawing 17] The explanatory view of a projection cutting plane theorem. 
[Description of Notations] 

1 [ - Objective lens, ] ~ An electron gun, 2 - A condensing lens, 3 - An electronic deflecting coil, 4 5- 

- A sample holder, 6 -- A sample leaning device, 7 - in-coliman mold energy filter, 8 — Image recording 
equipment, 9 ~ The computer equipped with the software for control, and the software for image 
processings, 10 [ - A sample base, 14 / - Maintenance cylinder, ] - A test piece, 1 1 ~ A projection, 12 

- 13 for observation 15 — Cylindrical support, 16 - The screw for sample base immobilization, 17 — 
The mark for test piece justification, 18 — The cross-joint pattern inserted on the optical axis of an 
optical microscope, 19 - Sample base slewing gear, 20 -- The standard-substance base for SEM, 21 — 
The liquid metal ion source, 22 - Condensing lens, 23 [ - Sample holder, ] - Branka, 24 -- Ion beam 
deflecting system, 25 — An objective lens, 26 27 [ ~ Image recording equipment and a control 
computer, ] - A sample leaning device, 28 - A sample cooler style, 29 ~ A mass analysis machine, 30 
31 [ - A sample breakage protective cover 35 / — A post-column mold energy filter, U 1 / — Projection 
field. ] ~ A dicer, 32 — The mark, 33 which arc used for referring to the location for observation — An 
ion beam, 34 
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[Procedure revision] 

[Filing Date] November 26, Heisei 14 (2002. 1 1,26) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim($)] 

[Claim 1] An electron gun, an electron lens,' an electron ray deflecting coiU a sample holder, and sample 
rotation / migration device, The cylindrical support with which it has an energy filter for removing an 
inelastic-scattering electron at least, and saii sample holder inclines in the 1 **** direction further. The 
electron microscope for three-dimensional structure observation characterized by including the holder 
migration device in which the whole holder.is moved to sample inclination Z shaft orientations, the 
incidence Y shaft orientations of an electron ray, and X shaft orientations that intersect perpendicularly 
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with said two shafts. 

[Claim 2] It is the three-dimensional structure observation approach characterized by making in 
agreem^t with the sample axis of tilt Z the medial axis of the test piece laid at the tip of the cylindrical 
support in said sample holder in order to be the approach of carrying out structural analysis of the 
sample to a three dimension and to rotate 360 degrees of test pieces with an electron microscope. 
[Claim 3] The sample listing device for three-dimensional structure observation characterized by 
providing the sample migration and the slewing gear for processing a sample into the test piece which 
has the ion source, a condensing lens, an objective lens, a sample holder, and a mass spectrograph at 
least, and connoted the candidate for observation further, ion deflecting system, an ion beam controlling 
mechanism, and the interruption equipment' of ion irradiation, 

[Clairn 4] The sample listing device for three-dimensional structure observation characterized by 
including a rectangular cross or the means to which incidence of the ion beam is carried out in parallel to 
a means to rotate a sample to the circumference of the medial axis of a projection, and ihe medial axis of 
a projection in order to process it into the test piece which connoted the candidate for observation in the 
sample listing device for three-dimensional structure observation according to claim 3. 
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